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1. Introduction 
Uracil-DNA glycosylase re_leases free uracil from 
dUMP-residues in DNA ([l-S], reviewed [6]). Uracil 
in DNA may arise from misincorporation of dUMP 
during DNA replication [7-91 or deamination of 
cytosine in DNA [lo]. Much information is available 
on the biophysical and biochemical properties [l-6] 
of uracil-DNA glycosylase, but little is known about 
how this enzyme is organized in chromatin. Isolated 
SV40- or polyoma minichromosomes [ 1 l-131 serve 
as useful models for studies on chromatin proteins. 
Thus, DNA polymerases (Y and y [13,14-171 as well 
as T-antigen [ 18,191 are associated with replicating 
SV40 and/or polyoma minichromosomes, while DNA 
polymerase 0 and topoisomerase I cosedimented with 
mature minichromosomes [ 171. Here, we show that 
uracil-DNA glycosylase, a major DNA repair enzyme, 
is preferentially Pssociated with replicating SV40 
minichromosomes. 
somes, 0.5 ml extract was layered on a linear 5-30% 
sucrose gradient in 10 mM Hepes (pH 7.8), 5 mM KC1 
and 0.5 mM dithiothreitol [ 1 l] and centrifuged at 
37 000 rev./min in a Beckman SW 40 rotor for 150 
min at 4°C. Fractions of 0.34 ml were collected from 
the bottom of the tube. 
Uracil-DNA glycosylase was tested by incubating 
aliquots of 30 ~1 from the fractions with 10 ~1 assay 
buffer (200 mM NaCl, 8 mM EDTA, 160 mM Tris- 
HCl (pH 7.5) and 12 yM d [3H] UMP-containing DNA, 
spec. act. 500 /.Li/pmol) for 45 min at 30°C. The 
release of acid- or ethanol-soluble radioactivity was 
monitored [5]. The amount of radioactivity released 
did not exceed 30% of the added radioactivity. The 
release of [3H]uracil was linear with time (up to 45 
min) and with the amount of extract added (up to 
30 ~1). Cytochrome c oxidase [22] was determined 
in aliquots of 100 ~1 from extracts or gradient frac- 
tions. The detection limit was 0.025 nmol cytochrome 
c oxidized/min at 25°C. 
2. Materials and methods 3. Results and discussion 
Chemicals and reagents were obtained as in [5]. 
Growth of CV-1 cells and infections with SV40, strain 
Rh 9 11 (40 pfu/cell) were done as in [20]. The virus 
titre was measured in plaque assays [21]. 
A nuclear extract free of cellular DNA, but con- 
taining SV40 minichromosomes, was prepared from 
SV40-infected CV-1 cells at 36 h after infection when 
the rate of viral DNA synthesis was maximal [ 111. The 
crude nuclear extract was centrifuged at 15 000 X g 
for 45 min at 4°C to remove mitochondria that con- 
taminated the SV40 chromatin preparation. 
To separate replicating and mature minichromo- 
To label both replicating and mature SV40 chroma- 
tin, SV40-infected CV-1 cells were incubated with 
[‘“Cl thymidine (10 pCi/ml, spec. act. 56 mCi/mmol) 
for 20 min at 37°C. Nuclear extracts were then pre- 
pared, and replicating and mature minichromosomes 
separated by sedimentation in sucrose gradients (see 
section 2). To locate the chromatin peaks, aliquots of 
100 ~1 from each fraction were acid-precipitated and 
the radioactivity measured by scintillation counting. 
Uracil-DNA glycosylase activity was measured in 
each fraction (section 2). Fig. I shows that uracil-DNA 
glycosylase cosediments with replicating chromatin, 
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Fig.1. Cosedimentation of SV40 minichromosomes anduracil- 
DNAglycosylase activity. A nuclear extract was prepared from 
SV40-infected CV-1 cells labelled with [“Cl thymidine (10 
gCi/ml, 56 mCi/mmol) for 20 min at 37°C prior to cell harvest. 
Replicating and mature minichromosomes were then separated 
by sedimentation in a sucrose gradient. Acid precipitable 14C- 
radioactivity was determined [8] in aliquots of 100 ~1 from 
each fraction (-o-_). Uracfl-DNA glycosylase activity was 
determined in aliquots of 30 ~1 from each fraction (-•-). 
although a smaller fraction cosediments with mature 
chromatin. About 347% of the total activity recovered 
was found close to the top of the gradient representing 
free uracil-DNA glycosylase. To establish the nature 
of the enzyme activity that made the radioactivity 
acid- and ethanol-soluble, an aliquot from fraction I1 
was incubated with d [3H] UMP-DNA and samples 
of the ethanol-soluble radioactivity released analyzed 
by thin-layer chromatography. About 90% of the 
radioactivity comigrated with uracil (fig.2). Further- 
more, when d[3H]TMP-containing, sonicated SV40 
DNA was incubated with an aliquot from fraction 4, 
no radioactivity was made acid-soluble. No cytochrome 
c oxidase activity (<0.025 nmol cytochrome c oxi- 
dized/min by 100 yl of fraction 11) cosedimented 
with SV40 minichromosomes. Therefore, the cosedi- 
mentation of uracil-DNA glycosylase with replicating 
chromatin is not due to contamination by mitochon- 
dria, which are known to contain uracil-DNA glyco- 
sylase [23]. The most likely explanation for our obser- 
vations is therefore that uracil-DNA glycosylase is 
preferentially associated with replicating SV40 mini- 
chromosomes. 
The preferential, but not exclusive, association of 
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Fig.2. Thin-layer chromatography of ethanol-soluble radio- 
activity released. An aliquot of 30 ~1 from fraction 11 (fig.1) 
was incubated with 10 JLI of uracil-DNA glycosylase assay 
mixture for 45 min at 30°C. Then cold ethanol was added to 
70% (by vol.) and after 30 min at -20°C the tube was ccn- 
trifuged (15 000 rev./min, 4”C, 5 min) and the supernatant 
collected. An aliquot of 8 ~1 was mixed with non-radioactive 
uracil, deoxyuridine and dUMP (20 nmol of each), applied to 
a sheet of polyethylene imine-cellulose and developed with 
H,O. The lane was cut in 5 mm pieces and the radioactivity 
was extracted and counted as in [8]. 
uracil-DNA glycosylase with replicating chromatin 
may indicate that misincorporation of dUMP is a 
much more frequent event than cytosine deamination. 
A several-fold increase in uracil-DNA glycosylase 
activity in lymphocytes after mitogen stimulation 
may point to the same conclusion [24]. However, it is 
likely that cytosine deamination is potentially more 
harmful since it leads to a CC-AT transition mutation 
unless the lesion is repaired before the next round of 
DNA replication. 
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